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INTRODUCTION 

A br ie f  description of the ro ta t ing  arc heater u t i l i z e d  i n  th i s  work, 
and some preliminary hydrocarbon processing data, were described a year 
ag0.l A more detailed description of t he  hbater, and some of the  operat- 
ing charac te r i s t ics  have a l so  been presented within t h e  past  year.2 The 
a r c  heater consists e s sen t i a l ly  of water-cooled, to ro ida l  electrodes,  i n  
which the a rc  i s  rapidly ro ta ted  as a result of in te rac t ion  of the  a rc  
current with a magnetic f i e ld .  
device w i t h  a r a t ing  of 3 megawatts i n to  the arc. Both a l t e rna t ing  and 
d i r ec t  current power operation are possible w i t h  t h i s  device. 
most a rc  devices previously reported3 8pe of the long arc ,  high voltage 
type which are operated on d.c. only. 

The heater i s  a high current,  low voltage 

I n  contrast ,  

We wish t o  report ,  herewith, some of the res.ilts obtained more recently 
i n  the  pyrolysis of methane a t  atmospheric and at slightly elevated pressures. 

The feed gas was commercial grade methane of 96 per cent pu r i ty  which 
w a s  injected i n t o  the  heater a t  ambient temperature. 
t ro l l ed  by regulating the pressure drop across a sonic or i f ice .  

The f lar rate was  con- 

The arc heater w a s  operated only on a.c. parer at electrode separations 
of 0.38, 0.75 and 1.0 inch. 
2200 k i l o w a t t s ,  with thermal e f f ic ienc ies  between 25 and 76 per cent, de- 
pending on operating conditions. 
t he  nozzle was choked w i t h  a graphite p l a t e  which had an o r i f i c e  of 0.5 or  
0.75 inch diameter i n  the center of the plate.  
high as 100 psig. 

The arc power with methane ranged from 550 t o  

For operation at elevated chamber pressure, 

The chamber pressure was as 

The heater w a s  operated a t  two d i f fe ren t  f i e l d  c o i l  currents t o  determine 
a r c  ro ta t ion  velocity on the  degree of reaction. 

The products of the  reaction were quenched and collected through a 
water-cooled copper probe, 118 or  1/4 inch I . D . ,  inserted about an inch 
inside of t he  nozzle. 
a fiber f i l t e r  (Purolater C o . )  t o  separate the  carbon, then collected a t  
appropriate in te rva ls  i n  ga8 s a p l i n g  tubes on a manifold, a8 previously 
described .1 

The product from the probe was first passed through 
' 

The gas analyses were made mas8 spectrometrically. A t yp ica l  composi- 
t i on  of a sam3le is  shown i n  Table I; Table I1 shows the  approldmate material 
balance based on the  &/C ratios of the  feed and product gases. 
variation with operating conditione is In t he  relative concentration of 
t he  d i f fe ren t  species. 

The only 
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TABLE I. COMPOSI'IION OF GASEOUS PRODUCT, M O U  PERCENT 

~ ~ a c y 4 ~ ~ ~ c & I & a  
77.68 1.27 0.09 5.81 13.58 1.01 0.12 0.32 0.14 

TABU 11. MATERIAL BALANCE OF PRODUCTS IN MOLE PERCENT 
c o c q  cy4 s c & = ' a c  

73.06 1.19 0.08 5.46 12.77 0.95 0.11 0.30 0.13 15.00 

Electron micrographs w e r e  obtained on a number of the carbon samples 
by repl icat ing an amyl acetate suspension on a carbon film. 
w e r e  obtained by packing the soot in to  a disc-sarnple holder and i r rad ia t ing  
with Cu K-a radiation. 
nearly ident ical  as  possible for all of the  samples. 
i n t ens i ty  were compared against  AUC graphite measured under ident ica l  conditione. 

X-ray spectra 

The sample packing and i r rad ia t ion  w e r e  kept as 
The d-spacing and line 

RESULTS AM, DISCUSSION 

from the high temperature pyrolysis of methane. 
C2H2, and carbon, w i t h  varying concentration of C&, depending on the degree 
of reaction. The diacetylene and benzene axe fonned from the  polymerization 
of the acetylene; t h e  methyl acetylene, although not 
conversion of 
of d i a c e t y l e n e y  The C,H, is  an intermediate in the  C'&+ C,H, reaction. 
There i s  a s l i g h t  e r r o r  i n  the material  balance since the  hydrogen content 
of the  soot was not taken i n t o  account because of sampling d i f f icu l ty .  
soot  usually contains about one percent of hydrogen, and the presence of 
aromatic consti tuents is  evident from the  odor. 

As shown i n  Table 11, the product consists of species which are expected 
The primary products are H2, 

intermediate in the  
t o  C2H2, is known t o  be a minor product found i n  the pyrolysis 

The 

Considering the d i f f i c u l t y  of obtaining exact experimental parameters 
during an experiment, qu i t e  good correlat ion was obtained between the  degree 
of reaction and a r c  enthalpy, whereas the correlat ion was poor with respect 
t o  the ne t  enthalpy increase of the gas. Figure 1 shows the re la t ive  degree 
of methane pyrolysis as  a function of the a r c  enthalpy. The curves show the 
comparison between runs made at 2500 and 1500 amperes f i e l d  c o i l  current. 
The former e f fec ts  an arc ro t a t ion  velocity approximately 66 percent greater 
than t h a t  a t  the 1500 amps f i e l d  c o i l  current. There i s  a s ignif icant ly  
steeper slope at higher a r c  rotat ion velocity,  this r e s u l t  probably arising 
from the  greater  degree of mixing. 
enthalpies,  where the system is a t  equilibrium, or near equilibrium condition. 
A minimum jus t  above the c r i t i c a l  enthalpy (or i n i t i a t i o n  temperature). 

Note that the curyes saturate a t  high 

The electron micrographs of t h e  soot,  quenched at the heater nozzle, 
,500X magnification, Figure 2, shows spherical  par t ic les  of less than 

100 at 2l t o  approximetely 5000 A diameter. The nature of the  background is not 
knonw at present, but  blow-ups of the photomicrographs t o  approximately 
153,OoOX suggests that t h e  cloud consis ts  of extremely f ine ,  smokey carbon 
dust. 
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The d-spacings ob ained from the x-raa diffraction of the soot varies 
between 3.45 and 3.49 B ,ocompared to 3.35 A for pure, crystalline graphite. 
The lower value of 3.45 A was obtained on the carbon collected from the high 
pressure runs, where the residence times were up to seven times longer than 
the runs at atmospheric pressure. The degree of crystallinity of the soot, 
based on the x-ray intensity, varied Prom two to ten percent of:AUC graphite. 
The x-ray crystallinity, as suspected, is a function of the residence time. 

It was of interest to plot the major product compositions on a semi- 
log plot, as a function of reciprocal arc enthalpy since the latter is pro- 
portional to the temperature in the gas. 
for acetylene and hydrogen are approximately the same, whereas the slope for 
carbon is much steeper. The difference in slopes for carbon, as compared to 
CBH2 and H,, clearly shows the different mechanisms f o r  the formation of these 
species. 

Figure 3 shows that the slopes 
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- 2500 Amps Field Coil Current -- 1500 " 11 It I1 

Arc Enthalpy ,-) 

Fig. 1. Methane conversion as functions of arc enthalpy and a rc  ro t a t ion  

Fig. 2. Electron micrographs of carbon a t  25,500X 
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i 
Reciprocal Arc Enthalpy ,-> 

Fig. 3 .  Product composition as a function of 
rec iproca l  a ro  enthalpy 


